EFFECTS OF SYLLABLE STRUCTURE ON PERCEIVED RATE OF ENGLISH BY JAPANESE AND ENGLISH SPEAKERS by 広実 義人
45
1.  INTRODUCTION
Japanese learners of English often complain that English is 
spoken fast.  English rate matters to them because they begin to find it 
difficult to understand spoken English when its rate exceeds the 
average English rate (Griffiths, 1992).  Osser and Peng (1964) reported 
that most Japanese speakers believe that native English speakers speak 
more rapidly in English than native Japanese speakers speak Japanese. 
They assumed that this belief comes from the differences in syllable 
structure between the two languages; English has many long consonant 
clusters whilst Japanese has only a few short ones.
1.1 Japanese Syllable Structure
The basic Japanese syllable structure is CV (CV-CV kaku 
“rank”).  Most Japanese syllables have this type of structure (Tamaoka 
& Makioka, 2004).  Although V (V-CV aku “evil”) is also common, it 
is not as common as CV.  There are, however, limited cases of 
consonant clusters.  At the onset only /j / can constitute a cluster: CjV 
(CjV-CV kyaku “guest”) and at the coda only /N/ can occur, which 
constitutes an independent mora syllable: CVN (CV-N-CV kanku 
“precinct”).  The choked sound /Q/ can only occur at the word medial 
and word final positions and also constitutes an independent mora 
syllable: Q (CV-Q-CV kakku “each ward”).  Therefore, in Japanese a 
maximum of three consonants can appear in a row although it happens 
only in limited cases where a CVN syllable is followed by a CjV 
syllable (CV-N-CjV kankyo “seclusion”).
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1.2 English Syllable Structure
The English syllable structure is illustrated as (CCC)V(CCCC). 
The English syllables, therefore, tend to have longer consonant clusters 
than the Japanese syllables.  Theoretically speaking, up to seven 
consonants can appear in a row in English (CCCVCCCC CCCVCVC 
strengths screening).  When Japanese speakers listen to English, they 
hear consonants more frequently and in longer succession without 
intervening vowels than they usually expect to hear listening to 
Japanese.  As a result, English consonants flow into their ears more 
rapidly than Japanese consonants.  This can cause them to judge 
English to be faster than Japanese.  The explanation is plausible but has 
never been supported by empirical research.
1.3 Pfitzinger’s Model of German Speech Rate Perception
On the other hand, a study suggests that syllable structure may 
not be relevant to speech rate perception.  Pfitzinger (1998) conducted a 
perception experiment with five German speakers using German 
stimuli which differed in phone rate and syllable rate.  They were 
instructed to place all the stimuli along a rate scale according to the 
speech rate that they had perceived.  He concluded that the rate of 
German perceived by German speakers is best predicted by the linear 
combination, or product, of phone rate and syllable rate.  He proposed 
the following equation, where M is the number of stimuli, pr is the 
phone rate, sr is the syllable rate, p is the coefficient weighting the 
phone rate, s is the coefficient weighting the syllable rate, and pz is the 
estimated perceptual rate for each stimulus.  The coefficients were 
estimated at p=0.0281 and s=0.0845 in the case of German.
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The equation suggests that German speakers’ German rate 
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perception is based mostly on physical phone rate and syllable rate, and 
that syllable structure would not be relevant.  Nevertheless, it is still an 
open question whether or not syllable structure is relevant to L2 rate 
perception.
1.4 Research Question and Hypotheses
My research question is: 
Does syllable structure affect English rate perception by Japanese 
and/or English speakers?
The following are my hypotheses:
1. The model of Pfitzinger (1998) will correctly predict English rate 
perception by native English speakers because their rate 
perception is based on physical phone rate and syllable rate and 
syllable structure is not relevant.
2. The model of Pfitzinger (1998) will not correctly predict English 
rate perception by Japanese speakers because their rate perception 
is affected by syllable structure in addition to physical phone rate 
and syllable rate.
3. Since Japanese speakers are not accustomed to listening to a 
succession of consonants, they would perceive the stimuli with 
consonant clusters as faster than those without them.
2.  METHODS
2.1 Participants
Thirty-six native Japanese speakers (13 males and 23 females) 
participated in the experiment.  They were all undergraduate students of 
a university in Tokyo, Japan.  Before they entered the university, they 
had had at least 6 years of English education.  Their English skills were 
at a lower intermediate level on average.
As a control group, 24 native English speakers (24 females) 
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participated in the experiment.  They were all undergraduate students of 
a university in Sydney, Australia.  None of them had studied Japanese 
as a foreign language before the experiment.
None of the participants had any hearing loss or hearing 
impairment.
2.2 Stimuli
The stimulus tokens were four sentences named Hi, Soccer, 
Birds, and Students shown in Table 1.  The Hi sentence was composed 
solely of monosyllabic words, and the Soccer sentence of polysyllabic 
words, both containing no consonant clusters.  They look very similar 
to the syllable structure of the typical Japanese syllables (C)V(N).  On 
the other hand, the Birds sentence was composed solely of 
monosyllabic words, and the Student sentence of polysyllabic words, 
both containing several consonant clusters in the onset or the coda.  As 
a result, the CV configurations of these last two sentences look quite 
different from the typical Japanese syllables.  These four sentences 
were synthesized by the Festival Speech Synthesis System (Black & 
Clark, 2003) (henceforth referred to as “Festival”).
Table 1
Stimulus tokens
Name Sentence Sequential arrangement of C’s, V’s, and N’s
Hi She may say hi to her son. CV CV CV CV CV CV CVN
Soccer Better enjoy soccer together. CVCV VNCV CVCV CVCVCV
Birds Most birds fly from south. CVCC CVCC CCV CCVC CVC
Students Fifteen students responded. CVCCVN CCVCVNCC CVCCVNCVC
In making the tokens, care was taken so that all of them might 
have roughly the same duration because the difference in length could 
affect rate perception.  The durations were not adjusted by digital 
compression or expansion which could possibly result in distorted, less 
natural speech.  Rather, they were adjusted by choosing the right words 
in length as well as in meaning.  All the durations were the ones that 
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Festival calculated as the most suitable for each sentence.  Table 2 
shows the duration and the physical rates of each stimulus.
Table 2
Duration and physical rates of the stimuli
Name Duration (s) Rate(phonemes/s)
Rate
(syllables/s)
Hi 1.55 9.65 4.50
Soccer 1.54 11.73 5.86
Birds 1.60 11.22 3.12
Students 1.53 15.07 4.59
Word familiarity was also controlled among the stimulus 
sentences because it could affect rate perception as well (Hirozane, 
2013).  Polysyllabic words are often less familiar to Japanese learners of 
English (Yokokawa, 2006), so all the words for the stimulus sentences, 
whether they were monosyllabic or polysyllabic, were chosen among the 
words which are supposed to be learned in junior high school in Japan.
Assuming that the model which Pfitzinger (1998) proposed also 
applies to the rate of English perceived by Japanese and English 
speakers, the values of pz were calculated for each stimulus used in the 
present experiment.  The values are shown in Table 3.
Table 3
Phone rate (pr), syllable rate (sr) and estimated perceptual rate (pz) of 
the stimuli
Name pr sr pz
Hi 9.65 4.50 0.65
Soccer 11.73 5.86 0.82
Birds 11.22 3.12 0.58
Students 15.07 4.59 0.81
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2.3 Procedures
The method of paired comparison was employed in this 
experiment.  It is one of the methods to quantify sensation, for example, 
of beauty, comfort, deliciousness, and so on, which are hard to quantify 
due to unknown multiple parameters that we base our judgments on 
(Fukuda & Fukuda, 2009).
The four stimulus sentences were paired in different orders to 
make 12 stimulus sentence pairs.  They were randomly presented to the 
participant over the headphones with an interval of 0.5s between the 
stimulus sentences.  The order of presentation of the pairs was 
counterbalanced across the participants.  After the presentation of each 
pair, they were asked to indicate which stimulus sentence of a given 
pair sounded faster or slightly faster or whether both sounded the same 
in rate.  Each judgment was given a score shown in Table 4.  The larger 
the score, the faster the second sentence of a given pair was perceived 
to be, and the smaller the score, the slower the second sentence of a 
given pair was perceived to be.
Table 4
Relative perceived rate and corresponding score
Score Relative perceived rate
-2 1st FASTER than 2nd
-1 1st SLIGHTLY FASTER than 2nd
0 1st THE SAME as 2nd
1 2nd SLIGHTLY FASTER than 1st
2 2nd FASTER than 1st
3.  RESULTS
A summary of the analysis of variance conducted on the data for 
the present experiment is shown in Table 5 for the Japanese speakers 
and in Table 6 for the English speakers.  No specific statistics software 
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was used for the analysis of variance.  It was conducted with the Excel 
spreadsheet based on the step-by-step instructions by Fukuda & Fukuda 
(2009).
For both the Japanese and English speakers, a significant 
difference was observed between Stimuli and Stimuli x Subject for an 
alpha level of 0.01.  This means that the perceived rates were significantly 
different among stimuli, and that there are several unspecified groups of 
subjects whose responses were significantly different from one another. 
Table 5
Analysis of variance table (Japanese speakers)
Factor Variance Degrees of freedom
Unbiased 
variance F0 Significance
Stimuli 106.83 3 35.61 80.00 **
Stimuli×Subject 106.42 105 1.01 2.28 **
Combination 3.06 3 1.02 2.29
Position 0.04 1 0.04 0.08
Position×Subject 18.80 35 0.54 1.21
Residual 126.85 285 0.45 —
Total 362.00 432
Table 6
Analysis of variance table (English speakers)
Factor Variance Degrees of freedom
Unbiased 
variance F0 Significance
Stimuli 65.01 3 21.67 38.51 **
Stimuli×Subject 101.49 69 1.47 2.61 **
Combination 0.32 3 0.11 0.19
Position 0.06 1 0.06 0.10
Position×Subject 16.78 23 0.73 1.30
Residual 106.34 189 0.56 —
Total 290.00 288
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The total cross tabulation is shown in Table 7 for Japanese 
speakers and in Table 8 for English speakers.  The total cross tabulation 
is an accumulation of scores of all the subjects where a higher score of 
(X.j.-Xi..) represents the faster perceptual rate.  According to the score 
of (X.j.-Xi..), the Students sentence was perceived as the fastest and the 
Birds sentence the slowest of the four stimuli by both Japanese speakers 
and English speakers.
Table 7
The total cross tabulation (Japanese speakers)
Birds Hi Soccer Students Xi..
Birds 11 24 22 57
Hi -15 14 18 17
Soccer -17 -22 8 -31
Students -27 -25 5 -47
X.j. -59 -36 43 48 X…
X.j.-Xi.. -116 -53 74 95 -4
Table 8
The total cross tabulation (English speakers)
Birds Hi Soccer Students Xi..
Birds 3 14 15 32
Hi -7 8 15 16
Soccer -15 -11 6 -20
Students -17 -12 -3 -32
X.j. -39 -20 19 36 X…
X.j.-Xi.. -71 -36 39 68 -4
To test the significance of differences between the stimuli, each 
stimulus was positioned on a yardstick according to the coordinate α̂ 
obtained from the following formula:
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α̂ = (1/2nN)(X.j.-Xi..)  where n equals the number of stimuli and 
N equals the number of subjects
The distance between the stimuli on the yardstick represents how 
large the perceived difference was.  The longer the distance, the larger 
the perceived difference.  The significance of difference between the 
stimuli was tested by comparing the distance to the studentised value of 
the yardstick, Y0.01 for an alpha level of 0.01 and Y0.05 for an alpha 
level of 0.05.  A summary of the test and its schematic view are shown 
in Table 9 and Figure 1 for the Japanese speakers and in Table 10 and 
Figure 2 for the English speakers.
Table 9
Statistical significance of differences between the stimuli and yardsticks 
for significance levels of 0.01 (Y0.01) and 0.05 (Y0.05) (Japanese speakers)
Y0.01: 0.18
Y0.05: 0.14
Birds Hi Soccer Students
Coordinate -0.40 -0.18 0.26 0.33
Birds -0.40 0.22 ** 0.66 ** 0.73 **
Hi -0.18 0.44 ** 0.51 **
Soccer 0.26 0.07
Students 0.33
Figure 1.  The yardstick (Japanese speakers)
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For Japanese speakers, there was a significant difference between 
Birds and Hi/Soccer/Students, and also between Hi and Soccer/
Students.  They perceived the Hi and Soccer sentences without 
consonant clusters as significantly faster than the Birds sentence with 
consonant clusters.  From a viewpoint of monosyllabic as opposed to 
polysyllabic, Japanese speakers judged the polysyllabic Soccer and 
Students to be significantly faster than the monosyllabic Birds and Hi.
Table 10
Statistical significance of differences between the stimuli and yardsticks 
for significance levels of 0.01 (Y0.01) and 0.05 (Y0.05)  (English speakers)
Y0.01: 0.24
Y0.05: 0.20
Birds Hi Soccer Students
Coordinate -0.37 -0.19 0.20 0.35
Birds -0.37 0.18 0.57 ** 0.72 **
Hi -0.19 0.39 ** 0.54 **
Soccer 0.20 0.15
Students 0.35
Figure 2.  The yardstick (English speakers)
For English speakers, there was a significant difference between 
Birds/Hi and Soccer/Students.  They did not perceive the Hi sentence 
without consonant clusters as significantly faster than the Birds 
sentence with consonant clusters, but they did perceive the Soccer 
sentence without consonant clusters as significantly faster than the 
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Birds sentence with consonant clusters.  Just as Japanese speakers, 
English speakers judged the polysyllabic Soccer and Students to be 
significantly faster than the monosyllabic Birds and Hi.
4.  DISCUSSION
4.1 Polysyllabic Shortening
What is particularly noticeable about the results of both Japanese 
and English speakers is that they perceived the stimulus sentences 
composed of polysyllabic words, namely the Soccer and the Students, 
as faster than those composed of monosyllabic words, the Birds and the 
Hi, irrespective of the presence or absence of consonant clusters.  This 
is probably due to polysyllabic shortening, a general tendency for the 
English syllable duration to be shorter in polysyllabic words than in 
monosyllabic words (Lehiste, 1972; Port, 1981).
4.2 Consonant Clusters Are Not Relevant
Since Japanese speakers are not accustomed to listening to a 
succession of consonants, it was hypothesized that they would perceive 
the stimuli with consonant clusters as faster than those without them. 
The results show, however, that the hypothesis was not supported.  The 
Students sentence with consonant clusters was judged to be no faster 
than the Soccer without consonant clusters.  Moreover, the Hi without 
consonant clusters was perceived as significantly faster than the Birds 
with consonant clusters, which completely goes against our hypothesis. 
In addition, the results were roughly consistent with what the model of 
Pfitzinger (1998) had predicted shown in Table 3.
The judgments of the English speakers were also roughly 
consistent with what the model of Pfitzinger (1998) had predicted and 
were similar to those of the Japanese speakers.  Statistical significance 
set aside, the simple ranking in the order of perceptual rate was 
identical between the Japanese and the English speakers (compare 
Figure 1 and 2).  A major difference was that the English speakers did 
not perceive a significant difference between the Birds with consonant 
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clusters and the Hi without consonant clusters whilst the Japanese 
speakers did.  At least, their judgements of rate were not based on the 
same criteria.  Japanese speakers could perceive variation in rate even 
when English speakers think that they are speaking at a constant rate.
4.3 Perceptual Assimilation Could Be Relevant
Japanese speakers may have judged the Hi without consonant 
clusters to be faster than the Birds with consonant clusters because of 
the diphthongs contained in the stimulus tokens.  In English, the 
diphthong in ‘eye’ is a single unit, whereas in Japanese, ai “love”, 
which sounds similar to English ‘eye’, is considered to be two units.  If 
you count the diphthongs as two units, the Hi will contain ten units 
whilst the Birds will contain eight units.  Since the durations of the 
tokens were approximately the same, the Hi was physically faster than 
the Birds in terms of the number of the provisional units per second 
which Japanese speakers may have exploited for their rate perception. 
Unfortunately, this explanation fails to account for the fact that 
Japanese speakers perceived the Students, which contained seven units, 
as faster than the Hi, which contained ten units.  The perceptual 
assimilation model cannot explain everything, but in some cases it can 
provide reasonable explanations.
5.  CONCLUSIONS
Here are my conclusions:
1. Hypothesis 1 was supported.  The model of Pfitzinger (1998) 
correctly predicted English rate perception by native English 
speakers.  Syllable structure did not affect English rate perception 
by English speakers.
2. Hypothesis 2 was partly supported.  The model of Pfitzinger 
(1998) correctly predicted English rate perception by Japanese 
speakers, but still something other than physical rate could be 
affecting it.  Perceptual assimilation could be a factor because 
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sometimes it can reasonably explain Japanese speakers’ rate 
perception of English.
3. Hypothesis 3 was not supported.  Japanese speakers did not 
always perceive the stimuli with consonant clusters as faster than 
those without them.  Even if Japanese speakers are not 
accustomed to listening to a succession of consonants, consonant 
clusters are not a major reason why they perceive English as 
faster than Japanese.
As a general conclusion, it was found that syllable structure does 
not affect English rate perception by Japanese or English speakers. 
Perceived rate does not seem to be simply judged by the way speech 
sounds are composed and produced.  Rate perception is part of speech 
perception which can be viewed as information processing.  For future 
research we need to consider how quickly the sound is processed and 
mapped onto meaning.
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